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Rad ia t i on  pressure c o o l i n g  and o p t i c a l  pumping of e lec t romagne t i ca l l y  
conf ined m r c u r y  ions,  which have enormous p o t e n t i a l  i n  o p t i c a l  and 
tr.icrowave frequency standards [l], r e q u i r e  a narrowband cw source near 
t . k  6 s z S  - 6p2P f i r s t  resonance l i n e  a t  194 nm, We descr ibe a method 
i c r  p r o d i c i n  194 nm r a d i a t i o n  by sum-frequency-mixing, i n  a potassium 
p e n t M o r a t e  qK65) c r y s t a l ,  t h e  257 nm second harmonic of t h e  ou tpu t  o f  a 
sin;ie mode cw 515 nm argon-ion l a s e r  w i t h  t h e  ou tpu t  of a tunable cw 
l a s e r  i n  t h e  792 nm r e g i o n  12.31. 

A schematic o f  t h e  experimental s e t  up i s  shown i n  Fig. 1. The 
orimary r a d i a ? i o n  sources are a r i n g  dye l a s e r  ope ra t i ng  w i t h  t h e  dye 
tD70G near 792 nm and a 257 nm source which i s  t h e  frequency-doubled 
outout  o f  t h e  515 nn l i n e  o f  an argon-ion laser .  The 257 nm second 
harmonic i s  generated i n  an amnonium dihydrogen phosphate (ADP) c r y s t a l ,  
which i s  p laced i n  2n e x t e r n a l  r j n g  c a v i t y  t h a t  i s  resonant a t  t h e  
fundamental frequency. A 30mn x 5mn x 5rrm Brewster-cut KB5 c r y s t a l  i s  
u j e a  f o r  sum frequency mix ing.  I n  o rde r  t o  enhance the  792 nm r a d i a t i o n  
power i n s i d e  t h e  c r y s t a l ,  t h i s  c r y s t a l  i s  a l s o  p laced i n s i d e  an e x t e r n a l  
r i n g  c a v i t y .  W i th  i n p u t  powers o f  25 mW a t  257 nm and 220 mW a t  792 nm. 
2r.d a power enhancement o f  12 i n  t he  ex te rna l  c a v i t y ,  about 2 VW of 
s i q g l e  frequency 194 nm r a d i a t i o n  i s  obtained. T h i s  corresponds t o  an 
c f x i c i e n c y  parameter o f  about 3 x 10‘5W-1 f o r  t he  sum frequency m ix ing  
process. 
l i n e k i d t h  o f  each pr imary beam i s  about 1 MHz. 
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The l i n e w i a t h  o f  t h e  134 nm output  i s  l e s s  than 2 MHz s ince t h e  
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- .  __ t ? a u r e  1. Experiment21 setup f o r  generat ion o f  194 nm r a d i a t i o n  
i n  an e x t e r m 1  r i n g  c a v i t y  
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A s t u d y  wis made of t h e  i s o t o p e  and  h y p e r f i n e  s t r u c t u r e  of t h e  6 s z S  
9 P t  195.2 nm t r a n s i t i o n  of s i n g l y  i o n i z e d  m e r c u r y  i o n s  by a b s o r p t i c h  
i e c t r o s c o p y .  The A r - i o n  l a s e r  was s t a b i l i z e d  t o  a h y p e r f i n e  
nnponent i n  1 2 7 1 2  w h i l e  t h e  dye l a s e r  was t u n e d  i n  f r e q u e n c y .  T h e  
c t e r n a l  enhancement  r i n g  c a v i t y  was l o c k e d  'and s y n c h r o n o u s l y  scanned  
3 t h  t h e  d y e  l a s e r .  The a b s o r p t i o n  s p e c t r u m  was o b t a i n e d  by p r o b i n g  t h e  
u u n d  s t a t e  of  t h e  m e r c u r y  i o n s  which  a r e  c r e a t e d  i n  a cell  e x c i t e d  by 
i e l e c t r o d e l e s s  rf d i s c h a r g e .  A s i n g l e  s c a n  of t h e  i s o t o p e  and 
; p e r f i n e  s t r u c t u r e  of t h e  194  nm t r a n s i t i o n  i s  s h o r n  i n  F ig .  2 .  
; s o l u t e  w a v e l e n g t h  measurement  was made of  t h e  202Hg l i n e  by means of a 
: v e i e n g t h  meter w h i c h  u s e s  a s t a b i l i z e d  He-Ne l a s e r  r e f e r e n c e  and  h a s  an 
: c v r a c y  o f  a few p a r t s  ip lo7.  
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The vacuum wave number f o r  t h e  6s2S - 
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g u r 2  2 .  I s o t o p e  a n d  h y p e r f i n e - s t r u c t u r e  components  of t h e  
194.2 nm r e s o n a n c e  l i n e  i n  n a t u r a l  HgII  

As a f i n a l  c o m n t  we n o t e  t h a t  -0.5mW of cw narrowband,  t u n a b l e  243 
i r c d i a t i o n  was g e n e r a t e d  by sum-frequency-mixing 351 nm r a d i a t i o n  w i t h  
9 n z  t a d i t t i o n  i n  a Brewsier-cut ADP c r y s t a l  h e l d  n e a r  8°C. T h i s  
y i r . 6  o n l y  m i n o r  m o d i f i c a t i o n  t o  t h e  194  nm s o u r c e :  t h e  exchange  of 
z K25 c r y s t a l  f o r  t h e  ADP c r y s t a l  and  t h e  s i n g l e  f r e q u e n c y  o p e r a t i o n  of 
5 a r g o n - i o n  l a s e r  on t h e  351 nm l i n e .  W i t h  a n o t h e r  c a v i t y  l o c k e d  t o  
s o n a n c e  w i t h  t h t  243 nm l a s e r  we a c h i e v e d  -0mW o f  c i r c u l a t i n g  power. 
i s  narrowband l a s e r  s o u r c e  n o t  o n l y  p r o m i s e s  t o  improve  c o n s i d e r a b l y  
e c iezsured  v a l u e  o f  t h e  ground s t a t e  Lamb s h i f t  of a t o m i c  hydrogen;  i n  
j i t i o ? ,  t h r o u g h  d i r e c t  f r e q u e n c y  measurements  o f  t h e  15-25 two-photon 
. j n r i t I o n  i n  h y d r o g e n  a n d  d e u t e r i u m ,  a more p r e c i s e  v a l u e  of t h e  Rydberg 
n s t z n t  and o f  t h e  e l e c t r o n - t o - p r o t o n - m a s s  r a t i o  may a l s o  b e  o b t a i n e d .  
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